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論文内容要旨
 In七hesouthwesternpartofGreenland,hug・e,exposuresoftheArcheanrockshavebeen
 recognizedinmorethan200×200kmarea.1しiscomprisedofgneissescalledtheAmitsoq
gneisses(1argestvolume),dottedsmallareascontainingsupracmstalrockswhicharedivided
 inしothreesequences(theAkiliaassociation,むheMalenesupracmsts,andtheIsua
supracrustalbelt),anddykesoflaterage.TheAmitsoqgneissesareclassifiedintofivemain
lithologicunits:graygneisses,whitegneisses,lategraygneisses,pegma.titicgneisses,and
 bandedgneissesintheorderofLheintrusion(Moorbatheta1.,1973;Bridgwateretaユ.,1986;
 McGregor,1979;Nuむmam,1982a).
 TheIsuasupracrustalbeltstudiedinhereislocatedat癒enorthemend(65。!0'N,50。W)of
theAreheanterrainandoccursasaU-shapedstripandlensincludedintheAmitsoq
 gneisses.Thenorむhwesternedgeofthebei目scutbytheAtaneqFaultwhichis50400mwide
 andproterozoicinage(McGregor,1979),andthenorthwestemedgeiscoveredbyicesheeむs.
 Manyfieidinvest三gationshavecarriedoutinLhisregion(e.g.McGregor,1979;Bridgwater
andMcGregor,1974;Nutmanetal.,1983,1984a).TherocksintheIsuasupracrustalbeltare
usuallyclassifiedintotwosequences(AandB)andultramaficintrusions.SequenceA
 consistsof6formations(AレA6)andsequenceBof2formations(BIFelsicFormationand
 B2MicaSchistFormation).Mostareas(～80%)oftheIsuasupracrustalbe1Larecomprised
ofSequenceAwhileSequenceBoccursonlyinthenortheasternedgeoftheIsua
 supracrustεし1belt,anditsrelationshipwithSequenceAisno七yetunderstoo(i.
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PreviousworksonmetamorphicrocksintheIsuadistrictincludedfieldinvestigations,bulk
 rockchemicalanaユyses(majorelement,traceelementandrareearしhelements),
 geochronology,andP-Testimations(Appel,1977;BoεしketaL,1983;Bridgwate1-and
 McGregor,1974;JacobsenandDymek,1988;Nutmaneta1、,1984a;Rosing,1983;Shimizuet
aL,1990).However,manyproblemsconcerningthemetamorphismandcmstalevolutionin
theearlyEarthstillremainunresolved.
 PreviousworksonthemetamorphichistoryilltheIsuasupracrustalbe琵andLheadjacent
 Amltsoqgneisseshaveiden七ified1)01ymetamorphicfeaturesofth拾1・egめn.However,ithas
 beenuncertainonむothenumberofmetamorphicevents,andtheagesandextentsofeach
metamorphicevellts.Thisstudyattemptstoputconstraintsontheseproblemsthrough
 daLingonthe1ユ.san/plesofseparatedminerals(hornblende,biotite,andCrlnica)fromthis
region.
TheK-ArageSObtalnedinthiSstudyShOwawldevariation,from3620tO1890MafOrthe
 Isuasupracrustalbeltand3380toユ960MafortheAmitsoqgnelsses.Fromaeomparisonof
ourK-Arageswiththereportedradiometricages(U-Pb,Pb-Pb,Rb-Sr,Sm-Nd,K-Arand
Lu-Hf)onavarietyofroeksfromtheIsuaεmdAmitsoqdistricts,thefollowingsuggestions
 aremade:(1)Nutman(1986)hassuggestedf三vecyclesofmetamorphic(first:3750-3700Ma,
 second:～3600Ma,third:3400-3200,fourth二3100-2600Ma,andfifth:2100-1600Ma)andtha七the
metamorphismof3!002600MawasLhemainmetamorphism.However,theeffecLsofthis
metamorphismwerenotasextenslveassuggestedbyNutman.(2)Therewereprobablyfour
 me七amorphicevents:3700-3400Ma,secolld:3400-2900Ma,third:2800-2400Ma,andfourもh:2000-
 1600Ma.(3)TherockswithK-Aagesgreaterthan3200Maarelikelyむohaveretainedthe
 chemicalandmlneralogicalcha1・acteristicsoft昼eearliermetamorphism,butsomerocksfrom
thisreglonwerecertainlyaffectedbyIatermetamorphism(s).(4)Considerationoftheeffects
oflatermetamorphlslInisrequiredinreconstructingtheP-T-thistoryoftheIsua
supracrustalbeltfromdatafromvarlousgeothermometriesandgeobεlrometries.
TheresultsofK-ArdatingofhomblendeandbiotiteseparatesfromtheIsuadistrict
 (Cbapむer1)haverevealedthatむhemainmetamorphismoccurred～3600Ma,andthat
 the～3300MametamorphismdidnotcompletelydestroyedtheP-Trecordsoftheeariier
metamorphism.Thesecondobjectiveofthlsstudywasthereforetoidentifythereiative
 abundancesofmineralsformedbyeachme七amorphicevent,anditsP-Tconditions、The
 ef'fectsofeachmetamorphismaresti11retainedlnしilechemicalcompositionofgamet
crystalS.
ThetemperatureaudpressureconditionsduringthemetamorphismintheIsua
supracmstalbeltwereestimatedbyapplyingsomenewandoldgeothermometriesand
 geobarometries.ThemaximumP-Tconditionsofthefirstcyclemetamorphismwere:P二iO.0-
7.5kbar,andT=850-600℃.Theseconditionsiienearthesolidusofhornblendeunderwater
saturatedconditions,andagreewiththepartialmeltingphenomenadescribedillNutman
 (1986).Thepeakmetamorphicconditionwasprobablyreached～3600MaindlcatedbytheU-
PbagesoftheAmitsoqgneiss.Theretrogradephaseofthismetamorphismpassedthrough
 P-TconditionsofP=4.6kbar,andT二410℃、TheP-Tconditionsduringtheretrogradephase
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 of七hesecondmeしamorphism(～3200Ma)wasestimatedtobe:Pロ5.3kbar,andT二～380℃.
 TheP-Tconditionsduring山eretrogradephaseofthethird(～2600Ma),andthefourth
 (～1800Ma)metamorphismwerealsoestimaLedas二丁=390℃,P=4.8kbarforthethirdand
 T・=410。Cforthefour七h.
Athirdobjectivesofthisresearchistounderstandtherolesoffiuidsineachcycleof
 metamorphismbyanalyzingoxygenisoしoplccharacteristicsofgametgrowthzonesand
 adjacentminerals(bio七ite,chlorite,quartz,andilmenite).
Theoxygenisotopeanalyseswereperformedon22samplesofbulk-rocksandmineral
separatesusingtheconventionalanalyticalLechnique,andalsoon300(?)spotsonmineral
 grainsusinganewlydevelopedin-situlaserabla七ionmeLhod.
 'Theoxygenisotopetemperaturesbasedonthebulk-mineralδi℃valuesortlユosebasedon
 thespo七δL80valuesofneighboringmineralsgivereasonablemeLamorphictemperatures
 (～200。一～800℃)onlyabouL30percent(?)of50(?)pairs.Thissuggeststhattheoxygen
 isotopicdisequilibrlumnotat七a.inedamongthecoexistingmineralsinむheIsuame七amorphic
 rocks.Whenむheoxygenisoむopetempera亡uresfallwithinareasonabieもemperaむurerange,
 theirtemperaturesaregenerallyhigherthant}/0seesしimatedfromcationgeo伽ermometries,
 suchasthegameトbioLitegeoしhermomeしrybasedonthepartitionsofFeandMg.These
 differencesmayreflectthedifferencesintheclosuretemperaturesarisingfromt}ユe
 differeneeslnむhediffLユsioneoefficientsofoxygenatomsandcationsinminerals.
 Threeもypesofδ1℃zoningpatternsarerecognizedingarnetcrystals:(1)flattypewhereLhe
 differenceintheδ180valuesbetweenしherimsandcoreislessLhanO.5%o,(2)concavetype
 wheretherimshavehigherδtδOvaluest1ユanthecorebyO.7to1.5%o,and(3)convextypewhere
 therimshavelowerδ1℃valuesむhanしhecoreby1.5も04.9%o.Theconvextypeismost
 common.Theconvextypeδ180profllewasinterpretedしoreflectthedecreasesintheδ1℃
 valuesoflatersしages,fromca.+10%。forstage1,ca.+6%。forstage2,ca.3%。forstage
 3,andca.一2%oforstage4.Becauseeachgarnetcrystalretainsonlyonetothreestagesof
 gametgrowth,ratherthantheentirefourstages,theobserveddecreasesintheδt昌Ovalues
fromthecoretorimsarelessthan5%o.
 FourmechanismswereevaluatedしoexplainしheobservedδE80profilesofgamet.Theyare:
(a)isotopeexchangewithsurroundingmineralsduringcooling,(b)isotopezoningcausedbythe
 Rayleighcrystalliza七ionprocessduringgrowthofnewmineralsfromprecursorminerals,(c)
 isotopezoningcausedbyreact1onswithhlghtemperaturewaterduringprogradesしagesof
polymetamorphicprocesses,and(d)isotopezoningeausedbyreactionswlthlowtemperature
 waterdurlngretrogradesしagesofpolymetamorphicprocesses.Theresultsofevaluaむion
 suggeststhatthemechanism(d)wasmost11kelytoproducetheobservedconcavetypeδ1日O
Profiles.
 AccordingtoLhismodei,ouむerofgameticrystalswereconvertedbacktochlorite十
 quartzassemblagebyreactionswithextemallyderivedwaterwitbδ180valuesaround十6
 %oattemperatures～200℃duringtheretrogradephaseofむhefirstmetamorphiccycie
 (F～3600Ma);thischlorite+quartzassemblage～～1asconvertedtogamet2at
 temperatures～500。Cduringしheprogradephaseofthesecondcyclemetamorphism(t=～3200
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 Ma).Portionsofstage2garnetweresubsequentlyconvertedtochiori七e十quartzby
 reactionswithexternallyderivedwaterwithδ180=～0%oduringtheretrogradephaseofthe
secondcyclemetamorphlsm,andthenconvertedtogamet3duringtheprogradephaseofthe
 thirdmetamorphiccycie(t=～2600Ma).Portionsofstage3garnetsweresubsequently
 convertedtochlorite+quartzbyreactionswiththeextemallyderivedwaterofδ180二
 ～一4%oduringthereLrogl・adephaseofthethirdcyclemetamorplユismandfinallytogarnet4.
Theextemallyderivedwaterinvolvedinthefirstcycleretrogradereactionsmayhavebeen
 derivedfromdewateringofmetamorphicmineralsaむdeeperdeptlls,thoseinvolvedinthe
 secondcyclere七rogradereactionsmayhavebeenseawater,andthethoseinvolvedinthe
 thir(icycleretro9'radereactlonsmayhavebeenmeteoricwa七er.
ThelnvolvementofalargeamountofmeteoricwaLerdurillgretrogradephasesof
polymetamorphismisalsosuggestedfromδ]80zoningsofquartzpΦblesinsome
 metamorphicrocksfromtheIsuadistric七.
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 論文審査の結果の要旨
 グリーンランド・イスア地域は,残存する世界最古の大陸地殻である。大竹真紀子は,本地域の地質調
 査を行い,採集した多量の岩石試料について,岩石学的,鉱物学的および地球化学的な様々な特性
 (K-Ar年代,各種元素比,酸素同位体比など)を多角的,かっミクロレベルで測定し,この地域の岩石が
 経た温度,圧力,環境(地殻深度)の歴史および溶液との反応の歴史を明らかにし,大陸地殻の生長プロ
 セスについての新しい知見を生み出した。
 本研究により,イスア地殻は,38～18億年前の期間において,200℃以下の低温・2km以浅の環境から,
 500℃以上の高温・15km以深の深度環境へと約4億年の周期で変遷したことが明らかとなった。
 このことは,38億年前には,すでに現在とほぼ同じ厚さの大陸地殻が形成されており,プレートテクト
 ニクスがすでに開始されていたことを示唆する。本研究結果は,「初期地球における大陸地殻は非常に小
 さく,地質時代と共に増大した」という従来の学説を打ち砕き,新しい地球観の創生につながる画期的な
 研究であると高く評価できる。
 本論文の成果は,大竹真紀子が自立して研究活動を行うに必要な高度の研究能力と学識を有することを
 示している。したがって,大竹真紀子提出の学位論文は,博士(理学)の学位論文として合格と認める。
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